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Introduction

You do not really understand
something unless you can explain
it to your grandmother.

Leandra, a lot of things are A
nanotechnology. Tennis balls are
nanotechnology. Even humans

are nanotechnology!
- gy&

1. Explain it to my committee
2. Explain it to my grandmother
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Why X-Rays?
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Interfacial Structures

10nm iron oxide nanoparticle film during
compression on liquid surface

e Optical Coatings

* Flexible
Electronics

e Biomembranes

“There’s no point in researching graphene
any more, because the Nobel prize has

already been awarded.” —-0O.S.
Singer, S. J., & Nicolson, G. L. (1972). Science, 175(23)



Liquid Surface Self Assembly

5-20nm iron oxide core

* Van der Waals Force

* |nterfacial Forces

* Magnetic Interactions
* Electric Interactions

2nm oleic acid “tails”

Nie, Z., Petukhova, A., & Kumacheva, E. (2010). Nature nanotechnology, 5(1)
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The Macroscopic Picture

20nm particles, NM~5mN/m 20nm particles, M~15mN/m

20nm particles, M~40mN/m 5nm particles, M~40mN/m
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Full Characterization of Films

* [n-Plane Structure
— Grazing Incidence Diffraction (GID)

* |n-Plane Dynamics
— X-Ray Photon Correlation Spectroscopy (XPCS)

e Qut-of-Plane Structure

— X-Ray Reflectivity (XR) and Grazing Incidence X-
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Grazing Incidence Diffraction (GID)

~1A  ~10nm ~0.3°
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Experimental Location
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LRL-CAT: 314D-D

XSD 32: 32408,

XSD 33: 33-BM-C « 334D-D.E

N

XSD 34: 34.1D-C » 34-1D-E



Preservation of Structure
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GID During Film Compression

First Order GID Peak for 15nm Iron Oxide Film
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First Order GID Peak for 15nm Iron Oxide Film

GID During Film Compression
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GID During Film Compression

First Order GID Peak for 15nm Iron Oxide Film
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Particle Size Mixtures

First Order GID Peak Locations of Various Particle Size Mixtures
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Particle Size Mixtures

GID Peak Shift in 1:1 Surface Area Coverage Ratio 20nm:10nm Particles Upon Compression
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Continued Work

* Relate GID Peak Shifts to
Particle Dynamics (XPCS)
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/ * Wrong Length Scale
e Difficult to Couple

BREAKING NEWS

UCSD HAZMAT SITUATION
LA JOLLA
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X-Ray Photon Correlation
Spectroscopy (XPCS)




Interparticle Dynamics
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Experimental Location
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Glassy or Jammed State

Pressure Across Film Lifetime

35+ | -
* Inhomogeneous N
Dynamics - |
e Stretched gzo— |
£
Expon e ntlal g = Compression at i
A constant speed R
(Kohlrausch- g1 el fomaton s ~
Williams-Watts) .
0 i
* |sotherm
% & 10 15
Time (hrs)
Comparison of g, Fits
1.205pF o g,T, Values
1.2 :ziregtlca:hlzzc[a)l:cay, oa=067]
1.195F . o _E
Ll Single Exponential g, xe T
& sk (non-glassy)
1.18F t o
Stretched Exponential g, o e_(?)
116 (glassy)
1.1?00 L 1 T SN N N -1|01 L L PR T R .1| 103

Time Delay At
ime Delay At (sec) Williams, G., & Watts, D.C. (1970). Transactions of the Faraday Society, 66



Glassy or Jammed State

Film Relaxation After Compression to 25mN/m
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Glassy or Jammed State
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Film Relaxation After Compression to 25mN/m
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imescale-Pressure Dependence

Variation in Timescales of 20nm Iron Oxide Film Compressed to 30mN/m
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Non-Brownian Motion
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To Be Continued...

.~

* Framework for Stretched
Exponential + Anomalous
Diffusion

e Order in Glassy Systems

* Hydrodynamic Interactions

D.(q)S(q)
Dy

H(q) =

Kurchan, J., & Levine, D. (2011). Journal of Physics A, 44.
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X-Ray Reflectivity (XR)




X-Ray Reflectivity (XR)

Sample Reflectivity Curve
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Reflectivity Analysis

Reflectivity Signal for 10nm Iron Oxide Film
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Grazing Incidence X-Ray
Off-Specular (GIXOS)

Sample GIXOS Signal
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Advantages of GIXOS
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Intensity

GIXOS During Compression

Sample GIXOS Signal
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Intensity

GIXOS During Compression

GIXOS Signal for 10nm Iron Oxide Film During Compression, Pressure ~28.6 mN/m
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Continued Work

k GIXOS Signal for 10nm Iron Oxide Film During Compression, Pressure ~28.6 mN/m
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Magnetic Field Application

No External Field External Field

Thorek, D.L.J,, et. al. (2006). Annals of Biomedical Engineering , 34(1).



SEM Measurements

| + Directed Self-Assembly?
— Field On During Deposition
— Field Off During Deposition

Comparison of in situ Iron Oxide Nanoparticle Thin Film on Liquid Surface and Stamped Dry Film
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/Dynamics Measurements

B

Kinge, S., Crego-Calama, M., & Reinhoudt, D.N. (2008). ChemPhysChem, 9(1). Cheng, G., et al, (2005). Langmuir 21(26).
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Butterfly Wing Coloration

Saranathan, V., et al. (2010). Proceedings of the National Academy of Sciences, 107 (26).



X-Ray Coherent Diffractive
Imaging (XCDI)
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X-Ray Coherent Diffractive
Imaging (XCDI)
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Liquid Surface Spectrometer
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In-Plane Film Structure
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/ Radiation Damage

\ “hard” core
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Radiation Damage
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